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INTRODUCTION 
Ground water degradation resulting from refuse deposition in or 
near the ground water table has, . in recent years, become increasingly 
important. Although about 95 percent of the total fresh water 
reserves are underground sources, they presently provide only 
approximately 17 percent of the total amount of water used for all 
purposes in the country (1). There i much interest in developing 
ground water sources to a greater extent to supply our ever in­
creasing dsman s .  Not enough information is presently available to 
delineate accurately the effect that refuse disposal in or near the 
ground water has upon the quality of the water . 
As the travel of inorganic chemical contamination in the ground 
water has been emphasized to a greater extent, especially in the 
studies at South Darnta State University, it was intended that this 
investigation be directed primarily toward the organic contarn.:i.nation 
emanating from the disposal area. The specific objective of the 
study were: 
a. to obtain data pertaining to the travel of organic 
materials from a•refuse disposal site, 
b. ·to determine the laterai extent of the a.rea influenced 
by organics and the persistence of organic contaminants 
in the direction of flow, 
c. to compare the results with an earlier study of organic 
degradation (2), a�d 
d .  to evaluate the changes in water quality resulting from 
the construction of a trench to intercept the ground 
water flowing from the deposited refuse. 
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LITERATURE REVIEW 
In a survey of some 250 agencies operating sanitary landfills 
it was reported that over 79 percent of the landfills were located 
within 20 feet of the ground water table and approximately 27 percent 
were being operated within five feet of the ground water table (3).· 
Assumably, a specific question relating to ground water contarnination 
was not included in the survey, however, it is significant that 6 
percent reported this type o� probiem. Info:nnation was not presented 
to indicate how many agencies actually conducted investigations for 
ground water degradation • 
. Th1ee basic conditions must exist before refuse can pollute 
the ground water: 1. the refuse must be located over, adjacent to, 
or in an aquifer, 2. a state of supersaturation must occur within 
the fill, which may be caused by percolation of precipitation and 
surface water through the fill, and 3 .  leached fluids must be 
produced and the leachate must be capable of entering the aquifer 
(4-118). 1'-111en leaching from the refuse does occur, it has been 
shmm that the ground water in the area of influence may become 
polluted and unsuitable for human ·or animal consu.�ption or other 
uses (5). 
One can then imagine the importance of determining the areal 
extent of contamination, if the above conditions exist. In defining 
the areal extent of con a�1ination
.
there are a multiplicity of factors 
that must be considered. LeGrand (6) describes the major consider­
ations that need to be resolved in order to predict the areal extent 
of contaminated zones as: 
••• the great variety of waste materi ls, their range 
in toxicity and adverse effects; man's variable pattern 
of waste disposal and of accidental release of con­
taminants in the ground; man's variable pattern of 
water development from wells; behavior of each con­
taminant in the soil, water, and rock environment; 
renges in geologic and hydrologic conditions in space; 
and ranges in hydrologic conditions in time. 
A basic understanding of the natural paths and rates of 
ground water movement is necessary; in fact, it is the starting 
point for the evaluation of ground-water contamination problems. 
In an objective approach the following five factors should be 
considered(?): 
a. depth to the water table 
b. sorption· 
c. permeability 
d. wate .. table gradient, and 
e. distance to the point of water use. 
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A major line of distinction is the ground water table, which 
separates the zone of aeration, the ground above the water table, 
from the zone of saturation, the grpund below the water table. There 
is a tenden�y for waste materials-to be stationary �n·the zone of 
aeration except when leached dm-rr:iward by infiltrating waters from 
precipitation or w�ter seepage (8)� 
Factors Affecting Site Selection 
In order to minimize the potential of contaminating subsurface 
waters or creating other undesirable effects or nuisances, t�e 
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follo"t-Ting factors, as set forth by Ehlers and Steel (9-172), should 
be considered in the establishment of a refuse disposal site: 
1. possible contamination of ground and surface water 
2. drainage 
3. soil type 
l�. prevailing winds 
5 .  availability of access roads, and 
6. haul distance. 
The potential of contaminating the ground water depends 
primarily upon the type of materials wasted, climate, drainage 
charact_eristics of the area, and the type of soil in the area. 
Soils of a sandy loam type have been found to be the most suitable 
for landfills (9-172), but due to the continual increase in land 
requirement for agricultural and urban activitieo, it is not 
surprising that gravel excavations, open sand pits, old quarries, 
swamps, or_other wastelands are popular sites for refuse disposal. 
These areas are utilized because they are not productive and because 
it is desirable to have the landfill within the economic haul 
distance . Rocky soils are �sually unacceptabl� for the obvious 
reason that t1e moyement of earth is difficult. Heavy clay soils 
are also generally-unsuitable as c�ay has excessive shri,nkage and 
expanding characteristics, depending upon the moisture present. 
During exceptionally dry periods fissures may open in clayey soil, 
permitting the entrance of rodents and vermin, and enabling com­
bustible gases to escape, thus producing a potential fire hazard (3). 
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Indices of Organic Con amination 
Kaufman (10) indicated that inorganic contaminants are more 
indestructable and persistent than organic or biological contaminants 
and exert their major impact, not on man's health, but rather on 
his agricultural and industrial enterprises . The persistence of 
inorganic chemical contaminants would explain why these contaminants 
have been used as major indicators for previous studies at the 
Brookings landfill and other refuse disposal areas. 
Several indicators of organic contamination in water are 
foaming, taste and odor, and crop damage. Taste and odors are the 
most common indicators of the presence of organic contaminants in 
water, however, wat.er may still be contaminated even though tastes 
and odors are absent (11) . Other indicators of the presence of 
organics in water are color, turbidity, and an influence on the 
effectiveness of treatment, particularzy in the case of organics 
preventing_ effective treatment by chlorin tion (12-17).  
Both the biochemical oxygen demand (BOD) and chenical o�gen 
demand (COD) tests are widely used to deterndne the pollutional 
strength o� liquid wastes in terms of the oxy-gen requ�red for 
stabiliza�ion. There are three classes of materials in wastes 
which exert an o:xygen dem�nd. These are: 1. carbonaceous material, 
used as a source of food by the organisms, 2. nitrogen derived from 
nitrate, ammonia, and organic.nitrogen, used as food by specific 
bacteria (Nitrosomon s and N·trobacter) ,  and 3 .  chemical reducing 
compounds such as ferrous iron, sulfite, and sulfide ., which react 
wit_h molecularly dissolved solids (13-415). 
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Organic matter emanating from a refuse fill can be 
conve.niently measured by the biochemical o.xygen demand (BOD) 
procedure (14-40). T.he BOD test is•a measurement of the o:xygen 
up-take·by organisms decomposing the organic matter aerobically 
·under specified conditions of temperature and time. It is intended 
to measure only the oxygen required for stabilization of the 
carbonaceous material. Although the use of the BOD test may be 
convenient for measuring the travel of organic pollutants, it has 
had limited success because of the fact that the BOD test indicates 
the requirement of less oxygen than _is actually utilized to ultimately 
stabilize the organic matter. For ex.c'llllple, the effluent from an 
activated sludge plant having a BOD of less than 10 mg/1 consistently 
had a total oxygen demand in the order of 100-200 mg/� (15-69) . It 
was concluc;led in a study ( 16-161�) at the University of California 
that the "Biochemical Oxygen Demand did not prove to be a useful tool 
for studying the travel of pollution in a water-bearing stratum. 11 
The _chemical oxygen demand(COD) test may be a_more suitable 
determination for evaluating organic contemination in ground water 
as it has some advantages over the. BOD test. The COD test oxidizes 
a greater amount of the organic matter, requires considerably less 
ti.me to perform, and is more reproducible than the BOD test. The 
COD test measures the carbonaceous_portion of the nitrogenous 
compounds, but not arn.�onia liberated from the proteinaceous matter. 
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Toxic substances can also be measured using the COD procedure as it 
is not dependent on biological action . Some of the generally 
recognized limitations of the COD test are that it does not 
differentiate bet,veen biologically oxidizable and biologically 
inert oreanic 1natter nor does it give any indication of the rate 
at which stabilization occurs ( 17-285) • Although COD and B_OD are 
indices of contamination, at present there are insufficient 
statistical data to enable the United States Public Health Drinking 
Water Standards (18) to recon1mend limits for these two measurements 
in regard to drj_nking water. 
Odors are caused primarily by organic substances, although 
some inorganic substances, especially sulfur compounds, also cause 
odors. The recommended limit in the Drinking Water Standards (18) 
for odor is three units, a limit based upon the esthetics of the 
water. Odor characteristics of the water become objectionable to 
a considerable number of people when the intensity of the odor 
exceeds three units. The olfactory organs can detect odorous 
materials at concent�ations of only a few microgra.111s per liter 
(13-305). Although the org�ns of smell are extremely- sensitive, 
they are n9t precis_e . Different people vary widely as to odor 
sensitivity and are not consistent. in this regard from day to day. 
When making the threshold odor determination it is recommended that 
panel-testing procedures be used, with a minimum of five panel 
members, to overcome the variation in odor sensitivity of any one 
person. Some of the problems involved in odor measurement aa 
summarized by Goldman (19) are: the mas ing of weak odors by 
stronger odors, odor blending_ to make one or both odors unrecog­
nizable, loss of awareness in the presence of constant intensity, 
and modification of the reaction to odors by prior experience. 
8 
The USPHS Drinking Water Standards (18) limit for nitrate 
nitrogen is 10 mg/1. The limit is based upon the fact that nitrates 
are associated with methemoglobinemia in infants. It should be noted 
that it is not the nitrate form that causes methemglobinemia in 
infants, but the nitrites which are formed by reducing bacteria in 
the intestinal tract (20). The nitrite is abso bed into the blood 
stream where it reacts vrith the hemoglobin. In 1951, a survey by 
Walton · ( 21) covering some 278 cases of methemglobinemia showed the 
disease did not occur where the nitrate nitrogen content of the 
water was less than 10 ppm. 
Other means and procedures used to indicate the presence of 
organic contaminants in water include the carbon filter technique, 
the determinations of the varfous forms of nitrogen, and carbon 
analysis, to mention.a few. 
Removal of'Organic Contamination 
Pertaining t·o the. removal. of organic chemical contaminants 
percolating through pervious soils·, the Illinois State Water Survey, 
in cooperation with the Robert A. Taft Sanitary Engineering Center 
(11), conducted a study on the effect of artificially recharging an 
aquifer with Il inois River water. · It was found that.filtration of 
contaminated surface water through 100 feet of the aquifer did not 
9 
appreciably reduce the amount of organic substances , as  measured by 
using the carbon filter technique, that were originally present in 
the river water . Organic substances  1 ,300 _feet from the recharge 
pit were found to be sindlar in character to the organi6s originally 
present but were significantly lower in concentration . The cause of 
the reduction of the organic contaminants was not determined . 
Sewage spreading studies ( 22 )  at Lodi , California , have 
shown that organic mats form at the surface of the soil . The same 
thing i s  presumed to happen with point injection of sewage through 
recharge wells at the aquifer face underground although direct 
observations of this were not made . In a study at the University 
of California ( 16 ) , . in which various strengths of sewage were 
inj ected into a confined aquifer through a 12-inch recharge well ; 
piezometric observations indicated that much of the particulate 
organic matter was concentrated within a radius of 10 feet of the 
recharge well . It was concluded that particulate organic matter , 
excluding bacteria and fine material, remained close to the aquifer 
face . 
Little information p�rtaining to  the travel of dissolved 
organic solids has peen obtained . · Data collected in the study 
( 16-154 ) at the University of California showed that mat_erials 
capable of supporting bacterial life were present 463 feet from the 
recharge point and changes in •nitrogen compounds took place ,--n.thin 
100 feet of the sourc e . Changes in nitrogen fonns at distances 
greater than 100 feet were obscured by the high nitrate content of 
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the ground and recharge water . The removal of organic matte from 
water generally requires biological processes although under certain 
conditions, ammonia could be removed by ba$e exchange reactions. 
Ammonia and organic matter are not considered to be hazardous because 
of any -specific toxicity they possess, and at present it is not 
kno1-m whether or not they contain some compound that is directly 
harmful ( 12-17). 
Decomposition Process 
Upon the deposition of refuse into the ground, the refuse may 
begin decomposition almost immediately. 1�e temperature within the 
refuse may rise rapidly to 130° to 150° F, remain at this level for 
about two months, and then fall slowly for the next 10 months to 
approach the temperature of the surrounding air ( 9-175 ) . 
Tin cans and metals rust at varying rates. Those within 
three feet of the surface of the ground, where moisture and o.xygen 
may be present, generally break up within one year. T'ne remaining· 
break up at varying rates up to about five years (23) . It has been 
reported that stabilization of hous-ehold refuse in a New Orleans 
fill was achieved in three years (24) , However, in . another study 
. . 
(25), refuse removed from test pits dug into a 12 year old fill in 
San Francisco showed little decomposition of the refuse. The tin cans 
were still shiny and specimens of fruits and vegetables did not show 
any deterioration from the t:une they were placed in the fill . 
Putrifiable organic materiais undergo aerobic decomposition 
ih the top two to four foot layer of a refuse fill and at depths 
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greater than four foot the decomposition of the organic matter tends 
to be anaerobic. The aerobic decomposition is quite rapid and 
inoffensive while anaerobic decomposition proceeds at a much slower 
rate and may release odorous gases through cracks in the soil ( 23) . 
Bacteria and other microorganisms are required for the decomposition 
of organic matter. The process of converting the organic matter to 
substances that can be utilized in the organism's metabolic processes 
require energy which is supplied by respiration ( cumulative biological 
actions). vJhen free atmospheric oxygen is available, the predomi­
nating type of organism will be aerobic, producing the end products 
of carbon dioxide and water; organic nitrogen is released as ammonia. 
The equation describing aerobic decomposition of organic matter is 
( 14-32) : 
Anaerobic decomposition in a landfill proceeds in two 
consecutive steps : carbohydrates are broken down by various 
saprophytic organisms to organic acids and these acids are subse­
quently converted to carbon , dioxide and methane . The-_ process is 
very similar to an _anaerobic sewage sludge fennentation process . At 
the beginning of the sludge digest�on process nutrients .are limiting . 
Of the limiting nutrients , nitrogen is the most significant , but as 
the process continues, nitrogen begins to accumulate and becomes 
readily available as proteins are ?roken do�rn (26-5 . 12 ) . The 
equation of t�e anaerobic decomposition is ( 14-32) : 
CH O N + l/L� ( 4-a-2b+3 c ) H20 a b c 
1/8( l+-a+2b+3 c ) C0
2 
+ l/8( l�+a-2b-3 c ) CH4 + cNH3 
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Anaerobic decomposition of the organic matter result s in the 
formation of such gases as methane , · carbon dio.xide , ammonia , and 
hydrogen sulfide .  Carbon dioxide and ammonia are the most important 
·product s  of decomposition �Tith respect to the degradation of water 
as carbon dioxide may cause  an increase in the hardness , and ammonia , · 
upon oxidation , increases the nitrate cont ent of the water (5 ) . 
A s  fermentation proceeds nitrogen is released to the environ­
ment . Under anaerobic conditions the released nitrogen is  in the 
form of ammonium salts ,  but if free  o.xygen is available, the nitrogen 
may be partially or completely oxidized to nitrite or nitrate .  If 
ammonia is oxidized to nitrat e , then nitrate must be considered a 
class  of contaminants which can be reduced in concentration only by 
dilution ( �2-18 ) . 
Although present knowledge indicat es nitrate s  are carried with 
the water (27-174) , George and Hasting ( 28 )  seem to be  in disagreement 
with the stat ement . They w�uld expect some denitrification to occur , 
due to iron and nitrat e reducing bacteria found in the soil . A study 
in the Uetherlands- ( 29 )  substantiates the reduction in nitrates  in . 
that nitrate nitrogen concentrations decreased with a decrease  in the 
dissolved o.xygen content of the wat er . The disappearanc e  of nitrat e_ 
may also be  caused by adsorption on the soil particles as shovm at 
the University of Minnesota . This study (30 )  revealed that the  
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cl.dsorption of nitrate nitrogen was dependent upon pH. Under 
conditions commonly found. in ground water that had a pH of 
approximately 7 ,  significant adsorption of nitrates did not occur . 
However, as the pH was decreased to values below 7 or ne�r 6 ,  
significant adsorption of nitrogen on noil particles may occur . 
Role of Carbon Dioxide 
There are five gases which are commonly found in the 
atmosphere of refuse fills ; carbon dio-X?-de, methane, nitrogen, 
oxygen , and hydrogen , although the amount of hydrogen gas produced 
is small enough to neglect ( 14-52) . Of these gases, carbon dioxide 
is the only one that is appreciably soluble in water (1, 720 ppm at 
70°F).  Because methane and nitrogen are inert and undetectable 
at their maximum solubility they are neglected with respect to 
ground water degradation ( 14-60) . O.xy-gen is required in the 
stabilization of organic matter and due to the low solubility of 
oxygen it is quickly depleted when sizable organic loads are imposed 
on the ground water. 
Carbon dioxide is objectionable primarily because of the 
associated -increase in the mineral content of the w?-t·er. The carbon -
dioxide dissolves in the water fpnning carbonic acid and the carbonic 
acid reacts with the insoluble calcium carbonate that is present in 
the soil as follows (14-61) : 
The initial dissolution of carbon dioxide in water allows subsequent 
2 2 6 9 2 4  ·souTH DAKOTA STATE U N IVERS ITY LI RARY 
amounts of carbon dio.xide to be dissolved until the water is 
saturated with carbon dioxide. 
Where burning of refuse is practiced it is recommended to 
keep the percent of unburned or partially burned organic matter 
minimal as the carbon dioxide produced in the decomposition of 
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buried refuse affects the dissolution of soluble salts . The 
·dissolved salts increase the hardness and provide the anion necessary 
for the greatest leaching of sodium and potassium (31-16) . In 
comparing aerobic and anaerobic gas production it has been shown 
that aerobic decomposition yields greater amounts of carbon dioxide 
than anaerobic decomposition. One pound of carbohydrates deccmposing 
aerobically or anaerobically yield 1.65 pounds and 0. 85 pounds of 
carbon dioxide, respectively. Therefore, it also appears to be 
desirable to keep the fill anaerobic ( 14-49 ) . 
Leaching and Percolation Studies 
Many studies dealing with the effects of refuse disposal 
on the quality of the surrounding ground water have been made • . 
However, most of the studies presented data related to inorganic 
parameters, with the exception of -�iochamcal oxygen demand test 
data. Several of the studies pertinent to this investigation are 
reviewed briefly. 
A preliminary study of the travel of organic contaminants 
from the Brookings, South Dakota, landfill was made in 1966 (2). 
Parameters for the study were chemical o.xygen demand, threshold 
15 
odor, and carbon filter extract. The data collected in the preliminary 
study are shown in Table 1. The major conclusions drawn from the 
limited data collected were that the organ�c content of the water in 
the aquifer was increased by the presence of the landfill and that 
the pattern of organic contamination closely followed a path of flow 
similar to inorganic contaminants (2-16 ) . Of significance was the 
use of the carbon filter technique for the determination of organic 
contaminants emanating from the refuse disposal site . A high of 
6 , 050 ppb (parts per billion) carbon chloroform extract was found in 
the ground water in the immediate fill area. This far exceeded the 
limit o_f 200 ppb carbon chloroform extracts recommended by the United 
St ates Public Health Service (USPHS)  Drinking Water Standards (18-32). 
Percolation bins were used in a study (32 )  of leaching from a 
landfill at Riverside, California. The bins, 8 feet long, 4 feet 
wide, and 12 feet deep were packed with fresh domestic rubbish ; 
excluding cans, bottles, cardboard boxes, and large pieces of 
miscellaneous material . The bin used in the leaching study was 
covered to exclude natural precipitation; water was applied at a 
rate of 20 _gal/day until a saturated condition was established and 
at a rate of 20 gal/week thereafter . The 5-day BOD of the leachate 
reached a peak of 331 , 000 ppm shortly after a saturated .condition 
was obtained .  The BOD concentration then f�ll steadily . After 
twelve months, over 98% of the BOD had been leached from the rubbish. 
During the twelve months, _ a total ?f 1, 200 gallons of water was 
applied of which 880 gallons (44 inches )  were applied after saturation . 
Table 1 .  (2) 
Summary of Threshold Odor, Chemical 0,;cy-gen Demand, and Carbon Filter Extract Data Obtained From 
a Study at the Brookings Landfill, June to August, 1966. 
Location 6/17/66 ?L5L66 BL1L66 
T . o .a  a COD0 CFEc T . o.a con5 T . O .  
Well 9 3.18 1 . 21 10. 4  454 1 . 56 4 . 94 
5 14.24 12 . 64 34.0  1, 920 22.90 21.7 
28 13 . 28 8. 53 22 . 0  1, 616 18 . 50 8 . 4  
27 - 6. 57 19 . 2  1, 555 . 6 . 54 13 . 7  
14 20.0 27 .0  138 . 0  11,880 34 .70 92  .. 0 
Pond - - - - 41 . 60 73 . 6  
15 6 .95  2 . 64 24 . 8  1, 941 6. 82 14.4  
22 - - - - 1.09 3.4  
24 - - - - 1 . 26 6 . 1  
29 - - - - 2.36  3 .0 
23 - - - - 12.22 5.3 
a� Threshold Odor, units 
b_ Chemical Oxygen Demand, mg/1 
c_ Total Carbon Filter Extract, ppb includes carbon chlorform extract and carbon alcohol eA.-tract 
f--J 
a--
17 
In the test , approximately 100 gallons per cubic yard were required 
to leach 98% of the BOD from the refuse . It was calculated that 
one acre-foot of landfill would require penetration and passage of 
60 inches of rainfall, assuming a depth of fill of 10 foot, to 
accomplish similar results . Chances of that happening were considered 
negligible. In comparison to the bin leach, the BOD of samples 
collected from beneath the landfill was found to be low and reached 
... a maximum of 125 ppm. Leaching w�s considered to have occurred by 
intermittent contact of the refuse with the rising ground water 
following periods of rainfall . It was not evident that precipitation 
penetrated the fill. 
In a similar study at Bushey, England, in June 1954, a 
rectangular sedimentation tank (3 5 ft x 42 ft) was filled to an 
average depth of five feet with refuse and compacted with a mechanical 
vibrator roller. Leaching was dependent upon natural rainfall and 
percolation. Six months after the tip ( refuse) was placed and two 
months after a percolate had been obtained, the maximum BOD of 
7, 745 ppm was measured. By September 1955, the BOD was 163 ppm 
(13-63).  +t was indicated that t�e bulk of the pollution was removed 
in 14 mont-hs. The . pH values of the percolate ranged from 7 . 1  at the 
beginning of the study to 7.9  during dry periods when the volumes of 
percolate were low (13-69). 
In studies at Egham , England (33 ),  where house refuse was 
deposited in water filled gravel pits, the BOD increased from 1. 7 ppm 
at the begizming of tipping to a value of 1 , 396 ppm in about � eleven 
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months . In the meantime the water had become anaerobic, developed 
a dark color, and the odor of hydrogen sulfide was detected. When 
the BOD of the water in the gravel pits reached 1 ,396 ppm, aeration 
was initiated and the BOD was reduced to less than 900 ppm. However, 
aerobic �onditions were not reestablished as the aeration equipment 
could not keep pace with the incoming pollution when tipping took 
place. 
An investigation was made �t Whittier Narrows, California, 
to study the effects of intermittent percolation of activated sludge 
effluent on the quality of the ground water with respect to mineral, 
organic, and biological constituants . It was found , during 
percolation, that more than 90 percent of the nitrification took 
place in the first two feet of sand. At depths greater tha.n two 
feet, changes in total nitrogen were reflected mainly by changes in 
nitrate nitrogen. A sharp decrease in nitrate nitrogen took place 
at the six foot depth. At this same depth there was an increase in 
chemical o:xygen demand (15-73). 
From other studies it has been reported that ordinary 
community refuse may have a· 5-day_ BOD of 14 , 000 to 180,000 ppm ( 5). 
It has also been f0und that refuse leachate collected from bored 
holes extending into the water table at the bottom of a land.fill, in 
New York had BOD concentrations ranging from 5 . 9  ppm to more than 
7, 000 ppm, with an average of 2, 000 ppm . Samples of .drainage from 
the fill taken from stagnant bodies of water near the New York fill 
operation were tested and a maximum biochemical o.xygen demand of 
170 ppm was found (34). 
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In summary, the studies reported that although there is 
extreme variation in the BOD concentration of community refuse,  a 
high amount of the BOD in the fill may be exerted in a relatively 
short t:une, providing suitable conditions e.xist. Results of the 
studies at Riverside, California, and at Bushey , England, showed 
that 98% of the BOD was satisfied _in 12 months and 14 months, 
respectively . The results of the study at Egham, England, showed 
that refuse placed in gravel pits containing water exerted a very 
high oxygen demand within a · short time. A study using the parameters 
of nitrates and COD indicate that there is a rapid removal of organic 
materials percolating through soil. 
Generally speaking , the reports reviewed are not comparable, 
per se. However , they suggest that water quality deterioration 
caused by organic loads imposed on the ground water is exhibited 
immediately but does not persist for great distances as does 
degradation caus€d by inorganic contaminants. 
Photosynth_etic Treatment of Organically Degraded Water 
In studies at the Brookings landfill by McCormick (3 5-46 ) 
and Sawinski (3 6-64) ,  both reported total hardness reductions in a 
pond located in the immediate . fill area during the summer months. 
'lne reductj_ons in hardness were attributed to the photosynthetic 
activity of algae . Because carbon dioxide is produced as a result 
of organic decomposition and because it is utilized by a gae in 
their life processes, a certain degree of treatment of the water 
may occur during periods of high algal activity . A brief 
explanation of the treatment process is given , as it is · directly 
related to the amount of organic material present. 
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Algae utilize carbon dioxide in their photosynthetic 
processes and expire oxygen . Carbon dioxide produced in the 
decomposition of refuse may be utilized by algae if the carbon 
dioxide is transported by the ground water to an open body of water 
containing algae. After the algae deplete the free carbon dioxide 
they a.bstrac:t carbon dioxide from the bicarbonates that are present 
in the water. In natural waters, an equilibrium of the bicarbonates 
exists. It is expressed by Sawyer (17-226) as follows : 
As the algae utilize the available carbon dioxide from the 
bicarbonate system, there will be an increase in the carbonate ion . 
Accordingly, the carbonate ion would be in equilibrium 'With the 
hydro.xyl ion as shown (17-226) :  
c0:3 + ff  b 2 ::;;;:::= HC°J + OH 
Therefore, an increase of the carbonate ion also causes an increase 
of the hydro:xyl ion with a resulting increase in pH, possibly to a 
value of 10. 0. In waters _ containi� an adequate amount of calcium 
ion (ca+t-) , calcium carbonate will be ·p;ecipitated when its solubility 
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is  exceeded, usually at a pH less than 10 ,0  ( 17-227). Therefore, 
during the utilization of carbon dio.xide by algae; the pH rill rise, 
alkalinity will decrease , calcium hardness will decrease, and the 
dissolved o.xygen will increase .  
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EXPERIMENTAL APPROACH 
Histocy �nd Geologx of Site 
Due to the growth of the city of Brookings, it was necessary, 
in 1960, to discontinue using the then existing refuse disposal area 
located on the southeast edge of the city and relocate it . The new 
site, a level quarter _section of land purchased by the city, was an 
abandoned gravel pit approximately 2 miles south of Brookings. 
Adjacent landovmers objected . immediately to the presence of the 
installation for fear their water supplies may become contaminated 
because gravel excavations had extended into the ground water table 
at several places on the 160 acre site . Other problems of lesser 
magnitude that concerned the landowners were the presence of smoke 
and odors, rats and vermin, fire hazards, litter, and the extra 
traffic generated by the eristence of the disposal area. In order 
to allay the landowners, the city installed eleven test wells in 
the area to determine ground water fluctuations, direction of flow, 
and the ground water quality. Determinations made by the State 
Health Department, to define the influence of the fill on the quality 
of the ground water included chlor.ides, pH, specific conductance, 
nitrates , hardness_, alkalinity, and approximate dissolved solids. A 
preliminary evaluation of the data was made two years after disposal 
operations at the site had begun and only slight deterioration of 
the water quality was noted in the dm-mstream direction of flow (37) . 
In Dec�nbe , 1964, the Civil Engineering Department at South 
Dakota State University undertook a comprehensive research project 
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at the disposal area and eleven additional wells were placed to 
complement the eleven existing wells. The number of tests used to 
define the chemical quality of the water was also increased. 
Included in the analysis were determinations of sodium, potassium, 
iron , and calcium hardness in addition to those previously made by 
the State Health Department . The direction of ground water flow 
·was shown by McCormick (35-23) to be 45 ° south of west, flowing 
toward the Big Sioux River . 
In July 1965, Jorgenson (38) defined the geologic charac­
teristics of the area . The ground surface was composed of a black 
clay of recent alluvial origin. The alluvial deposit ranged from 
1 to 2 feet in thickness. Generally, the alluvium was underlain 
by a thin irregular layer of till, which was composed of tan silt 
clay. The thickness of the till layer varied from O to 20 inches. 
Outwash deposits , consisting of lenses of poorly sorted gravels, 
sands, sil:ts, and clay were found underlying the till . The thick­
ness of the outwash ranged from 12 to 31 feet. 
Earlier investigations by McCormick (35) and Sawinski (36 ) 
indicated t,hat the pond , lo.cated _immediately west of " .the fill area, 
exerted a ·beneficial effect upon the ground water in the dm·mstream 
direction. Based on this information, a trench was excavated in 
the fall of 1966 along the south side of the fill area to intercept 
the degraded water and to give some degree of treatment by dispersion, 
dilution , or biological treatment�  When initially constructed, the 
trench was about 700 feet long, 50 feet wide, and 15 feet deep. 
24 
However, in June and July 1967 the trench was extended approximately 
another 400 feet to the west, making it presently about 1,100 feet 
long. Hendrickson (39) evaluated the effects of the intercepting· 
trench on the quality of the degraded ground water in 1967 . 
In addition to the trench on the south side of the fill area, 
extensive gravel excavations have been made at the site. Figures 1 
through 4 are aerial views showing the changes and developments that 
have taken place since April 1963 _with Figures 3 and 4 showing views 
of the trench . 
Landfill Operation 
·Present operations at the Brookings refuse disposal area 
consist of segregating the refuse into three main categories : trees, 
shrubs, and grass; unburnable items such as refrigerators, stoves, 
and concrete , etc. ; and papers, cans, and garbage and then burning 
everything but the uncombustible items . Combustion of the refuse 
produces carbon dioxide and carbon monoxide. These gases are given 
off to the atmosphere and decrease the amount of carbon available 
to potentially be leached from the fill . Although burning may be 
desirable from the · standpoint of m,inimizing carbon dioxide production, 
it is not recommended because it· increases air pollutj_on, produces 
odors, and may potentially cause smoke damage or other economic losses. 
Another drawback of burning is that refuse cannot be covered 
immediately, thus it provid�s a potential source of food and harborage 
for rodents, fiies, and other vectors . 
Figure 1 .  Brookings refuse disposal area, April , 1963 . 
Figure 2 .  Brookings refuse d�sposal area, showing 
excavation reaching into the ground water 
table , July, 1966 . 
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Figure 3 .  
Figure 4 .  
Brookings refuse disposal area , showing the 
extent of the gravel excavation and the 
intercepting trench , August , 1967 . 
Brookings refuse disposal area , looking 
southwest, showing the intercepting trench 
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and the extent of gravel excavation , July, 1968 . 
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Well Point Infonnation 
At present there are 45 wells at the refuse disposal area . 
The first eleven of these wells were installed by the City of 
Brookings in August 1960 . McCormick (3 5 ), in December 1964, added 
eleven more wells. During the geological investigation by Jorgenson 
(38 )  three wells were added, and Sawinski (36) added six wells in 
the fall of 1965. Hendrickson (39) installed wells 32 through 36 
in the fall of 1966 and Nelson (4Q) was responsible for placing 
nine wells in November 1967. All of the wells except four (27 , 
29 , 31, and 36) are 1 1/2 inch diameter pipes fitted vtlth sand 
points. Wells 27, 29 , and 31  are three inches in diameter and 
are equipped with continuous water level recorders. Well 36 is 
an 18-inch corrugated metal pipe equipped with a one and one-half 
inch diameter pipe for sampling the trenc� and with a recording 
. . 
device which continuously monitors the water level of the adj acent 
trench. Figure 5 is a map showing the pertinent well locations and 
general features of the Brookings landfill. 
Selection of Parameters 
Parameters used for previo�s studies at the ·site have defined 
inorganic chemical contaminants ·emanating from the refuse disposal 
area . McCormick (3 5) found the most significant inorganic parameters 
for demonstrating variations in ground water quality were chlorides, 
sodium, and specific conductance. However, as the investigation 
reported herein was oriented primarily toward the travel of �rganic 
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contaminants, the parameters which were selected as indices _of 
organically degraded water were chemical oxygen demand (COD), 
biochemical oxygen demand (BOD), threshold odor, and nitrates. In 
addition , the determinations of pH, alkalinity, and calcium hard­
ness were also made to complement the data pertaining to the travel 
of organic contaminants with respect to the production of carbon 
dioxide . 
Of the parameters selected ) the COD test was considered to 
be the most indicative to assist in tracing the flow of organic 
contaminants. The BOD determination was selected, not primarily 
to acquire accurate data, but to obtain data snnilar in nature to 
that of other studies of leaching from landfills. The threshold 
odor determination was selected as an indicator of the relative 
amount of organic contarnination resulting from the refuse fill. 
Previous data ( 3 5) indicates that nitrate concentrations in the 
refuse fill area were low to non-existent, however, the nitrate 
levels in the areas on the perimeter of the active landfill were 
high . The nitrate nitrogen detBrmtnation was selected as a parameter 
of the study to obtain information on the conditio�s ·in the fill 
(whether it is aerobic . or anaerobic) and to more clearly define the 
flow of nitrates through the area � 
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EXPERIMENTAL PROCEDURES 
Sampling Procedures 
Samples were collected and analyzed monthly from_ November, 
1967, through June, 1968 . In order to determine if monthly samples 
were adequately representative of the conditions at the landfill, 
some samples were collected at more frequent intervals . During a 
10 week period f om March 23, through May 11, 1968, samples were 
collected weekly from wells 5, 15, and 32 . In addition, samples 
were collected from the pond and the trench every other week. 
The samples were collected by inserting a rubber hose down 
the well pipe into the water. A small centrifugal pump, placed 
at ground level, was used to pump the wells . Each of the wells 
was pumped 5 or 10 minute to purge the water which had been standing 
in the pipe, pump, and hose. 1'his procedure gave relative assurance 
that the samples collected were representative of the ground water 
at each particular location . Because McConnick stated that correlation 
between the quality of the ground water and depth of well at a 
common location was not apparent (3 5-39), only one well at any one 
location was sampled. While not all of the well locations were 
sampled each month� 10 wells, the pond, and the trench were sampled 
monthly. 1'he ten wells sampled were the control well (well 9), those 
wells in the im ediate fill area (wells 5, 14, 15, 3 1, and 3 5),  and 
several perimeter wells below the fill in the direction of flow (wells 
27, 29, 3 2, ai1d 33). During December, March, and June seven other 
perimeter wells were sampled in addition to those sampled monthly. 
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Laboratory Procedures 
Although duplicate samples were collect ed from November, 1967, 
through June, 1968, duplicat e analyses were not made until the 
January sampling date. Beginning with and subsequent to  t he samples 
_ collected in January, duplicate determinations were made for COD, 
pH , alkalinity, and calcium hardness to det ermine if the results 
obtained were rep oducible. During the investigation single monthly 
determinations were made for threshold odor, BOD, and nitrates. 
Threshold odor determinations were included for all the monthly 
sample intervals throughout the investigation. BOD detern1inations 
were first made on sarnples collected in January and the nitrate 
nitrogen t est was not included until March 23, 1968 . All of the 
analyses were made at the Sanitary Engineering Laboratory at South 
Dakota State University. The methods used for each analysis were, 
with some modifications, as described in the 12th edition of Standard 
Methods ( 13 ) . The procedures used are outlined below . 
The dichromat e  reflux method for determining the COD was 
selected because of its advantages _ in reproducibility and 
applicability to a wide var'iety of samples. In add_it"ion, compared 
to methods employing other oxida_nts, such as eerie sulfate, potassium 
iodat e, or permanganate, the method affords a greater ease of 
manipulation. The purpose of the determination in this study was· to  
indicate magnitude only. Concerning the accuracy of  the dilute 
di chromate ti trant, Standard Methods states, "With the dilute 
dichromate titrant, values below 10 mg/1 are less  accurate, but 
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may 'be used to indicate an order of magnitude" (13-511) . The dilute 
dichromate method was used because the COD concentrations in the well 
samples were generally less than 15 mg/1. In this method, 10 ml of 
0. 0125 N dichromate were used as the oxidizing agent in a 20 ml 
sample. Therefore, this procedure would measure a maximum COD 
concentration of 40-45 mg/1 . 
Because trace organic matter on the glassware or in the 
atmosphere could cause gross error in the COD determination, extreme 
care was taken to prevent contamination of the sampies . The reflux 
apparatus was boiled out with sulfuric acid and distilled water, 
and the glass beads were ignited in a muffle furnace at 600 °G for 
one hour. All glassware was acid washed and rinsed with distilled 
water prior to use. Because chlorides affect the COD determination, 
0. 4 grams of mercuric sulfate were added to overcome the interference, 
which is a sufficient amount to complex chloride concentrations up to 
2000 mg/1 . . The use of an excess amount of mercuric sulfate does not 
adversely affect the results ( 13-512) . The maximUln chloride 
concentration observed during this investigation period, as reported 
by Nelson ( 40) was 225 mg/L 
In -the BOD test, the water ·from the refuse disposal area was 
assumed to be deficient in the number of microbial organisms present 
to accomplish decomposition of the organic matter. Therefore, the 
samples were seeded to assure · an o-xygen depletion. Tne dilution water 
was made as described in the 12th edition of Standard Methods ( 13-417) 
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and ·various types of seed were used. Raw sewage, filter effluent, 
and final effluent, obtained at the Brookings sewage treatment 
plant, were each used as seed. The amount of each type of sewage 
used per liter of dilution water was : 1 ml raw sewage, for the 
January f.amples , 5 ml filter effluent for the March, April and 
June samples, and 15 ml final effluent for the February samples. 
These amounts provided o:xy-gen depletions, after 5 days, that averaged 
0. 80 rng/1. Dilutions of 80% sampte and 40% S8:ffiple were used . 
The procedure used in making the threshold odor determination 
followed the 12th edition of Standard Methods (13-304) . The samples 
were collected and stored in glass containers until the odor test 
was made. The storage t:ime of the samples ranged from one to three 
days. The determinations were made at 40 °C ± 1 ° and the number of 
panel members ranged from fi ·e to eight. Six dilutions of each 
water sample , having a total volume of 200 ml , were made. For 
example , 5-, 10, 25 ,  50, 100, and 200 ml of the water to be tested . 
was added to enough odor-free water to mnke the two-hundred ml 
volume. Odor-free water was generated by passing tap water through 
a gallon glass bottle that •contained Nu-char C-190 pius 30 mesh 
activated ·carbon, prod�ced by West Virginia Pulp and Paper Company . 
The threshold odor numbers were calculated by using the geometric 
mean of the threshold odor numbers obtained by each individual p��el 
member. 
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The brucine method for determining nitrate nitrogen was used .  
This method, described in Standard Methods (13-198) , was selected 
because it is less subject to interference, particularly by chlorides. 
The intensity of the color was measured at a wavelength of 410 mµ, . 
The brucine method is  generally reprodu�ible within + 0. 10 mg/1 .  
The pH was measured using a Fisher Accumet Model 210 pH 
meter and the alkalinity was determined using the standard sulfuric 
acid titrant (0. 02 N) . The end pQint, pH 4 .5, was measured ­
electrometrically. 
The calcium hardness was detennined as described by Hach 
Chemical Company (41) using the EDTA titrimetric method and Calver 
II indicator. Reproducibility is usually considered to be + 
2 mg/1. 
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PRESENTATION AND DISCUSSION OF RESULTS 
The travel of organic contaminants through the ground was 
deterinined by using the parameters of chemical o.xygen demand, 
biochemical o�;-gen demand, threshold odor, and nitrate nitrogen. 
Although these determinations do not give an indication of specific 
organic contamit!ants-·, they are considered to be representative of 
the total organic material present in the water. The data collected 
during the investigation were some·what limited and a more precise 
evaluation of the influence of the intercepting trench may have been 
possible with the collection of more data over a longer period of 
time. · The data collected during the investigation is contained in 
Appendix B and Appendix C. 
Chemical �n Demand 
Figure 6 shows the COD concentrations in samples of ground 
water collect ed on July 5, 1966, and June 11, 1968 , at selected 
locations. It can be noted that COD concentrations at the comparative 
locations have decreased over the past two years. The decrease may 
be attributed to various factors . such as changes in _ the elevation of -. 
the ground water table with respect to the refuse, construction of 
the intercepting trench, changes in the location of actual refuse 
placement at the site, and variations in the occurrence of precipi­
tation. The exact locations of the bottom of the refuse with respect 
to the ground water table have not been determined nor have the 
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various amount of rainfall been correlated with the travel of 
contaminants . In the 1966 study, samples were collected on only 
two dates making it impossible to determine the seasonal variation 
in COD concentration . It was noted, however, that at sL� common 
san1pling locations , the COD concentrations of the water were lower 
in August, 1966, than in July , 1966 , (refer to Table 1) . For the 
current investigation seasonal variation during the eight months 
for which data were collected was_ not evident, although considerable 
variations were encountered at some locations. For example , the COD 
concentration at well 14 varied from 9.3 rng/1 in March , 1968 , to 
27. 6 mg/1 in June, 1968. On the other hand , the COD concentration 
at well 32 only varied from 3. 2  mg/1 in Narch, 1968, to 6 . 5 rng/1 
in November, 1967 . 
A plausible explanation for the decrease in COD concentration 
at locations in the immediate fill area (wells 5 and 14) shown in 
Figure 6 ,  . is that the area of refuse placement was shifted from a _  
low area 25 yards northeast of well 111- to an area higher in elevation 
approximately 75 yards northeast of well 5.  
Fig_ure 6 also indicates that a reduction in COD concentration 
occurred at the control well (well 9) . A great deal of importance 
should not be attached to COD concentrations lower than 10 mg/1 
because the dilute method for determining COD only indicates relative 
magnitude. However, it is indicated that the COD concentrations of 
the native ground water were slig�tly less in 1968 than in 1966 . 
38 
Figure 7 is an isoconcentrational map of mean COD concentrations 
obtained from November 11, 1967, through June ll, 1968 , showing the 
areal extent of the ground water influenced by the refuse fill . The 
area delineated by the 5 .0 mg/1 line generally indicates the extent 
of the ground water influenced by the refuse fill. The figure shows 
that the major contamination was retained within a small area in the 
vicinity of the pond . In comparison with the wells, the pond had a 
substantially higher COD concentr-9-tion. This was attributed to the 
combined effect of the fill and the natural organic material, such 
as leaves, grass, and plant life, which were constantly present and 
decomposed in the pond . The COD concentration in the trench was 
also most- likely influenced by the presence of plants, leaves, and 
other organic materials, although to a lesser extent than the pond, 
because the trench had a much greater volume of water containing a 
smaller abundance of plant life. Of the wells, those in the 
vicinity of the pond exhibited the highest concentration of COD . 
A comparison between Figures 7 and 8, which show COD 
concentrations in the area, indicated a modification in the flow of 
contaminants has occurred since the trench was constructed in 
December, · 1966 .  Prior_to the construction of the trench , COD levels 
of the ground water leaving the quarter section were greater than 
10 mg/1, but at the present time are approximately 5 mg/1, thus 
shoYdng a significant decrease over the past two years. Figures 7 
and 8 also show that the lateral area under influence, defined by 
0 
0 
Figure 7 .  Isoconcentrational lines of mean COD at the Brookings 
refuse disposal area for the period November 11, 1967 , 
through June 11, 1968. 
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Figure 8. Isoconcentrational lines of COD at Brookings refuse 
disposal area, for August 1, 1966. 
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the 5 mg/1 concentration line on the south side of the quarter 
section, is narrower than it was two years ago . The west 5 mg/1 
concentration line was located at nearly the san1e place , while the 
east 5 mg/1 line has· moved west approximately 200 yards from where 
it was 2 years ago . The trench apparently has intercepted the 
degraded water flowing from the refuse fill . 
At present, the mechanisms causing the modification in the 
concentration of the contaminants- have not been fully determined. 
Howevei , it seems that the trench has caused the organic matter to 
be reduced in concentration through dilution and dispersion. 
Dilution water has probably been drawn into the southeast side of 
the trench and mi:xing has occurred in the trench . The amount of the 
reduction in the organic content of the water by dilution and 
dispersion or biological activity in the trench was not evaluated 
because the respective amounts of organic matter contributed by the 
fill, plant growths, and matter blown into the trench were not known . 
Biochemical .QNgen Demand 
The BOD of the grou�d water in the control well (well 9 )  had · 
a mean value of on_e mg/1 for the period of the investigation . Figure 
9 shows the isoconcentrational ii�es for meari BOD concentration from 
January 23 through June 11, 1968 . As noted with the COD results the 
area of highest BOD concentration was located on the upper side of 
the trench in a small area surrounding the pond . Of the locations 
sampled, the pond consistently eyJlibited the highest BOD . This 
also, was in concurrence ·with the COD results a·s more organic matter 
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Figure 9 .  Isoconcentrational lines of mean values of BOD at Brookings 
refuse disposal area, January 23 through June 11, 1968. 
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was available for decomposition in the pond . The lower BOD 
concentration of the trench water, as compared to the pond water, 
was attributed to the greater depth and volume of the trench which 
resulted in fewer algal growths. A large volume of water, not 
_ influenced appreciably by the fill, flowed through the trench 
enabling the organic material to be dispersed and diluted by mixing . 
( 40). At the present time, the organic content of the water leaving 
the vicinity of the disposa� landfill, as defined by BOD and COD, 
is extremely low. 
Due to the wide variation and lack of reproducibility of 
results between different BOD dilutions, the BOD determination seems 
to be unsuited as a parameter for evaluating small amounts of organic 
material in ground water. This is in agreement with a conclusion 
from another study (16-164) .  
Threshold . Odor 
A comparison of threshold odor data (Figure 10) obtained in 
1966 (2) with that obtain .,d in this investigation s �o-ws the odor 
levels at _sampling points common to both studies wer� essentially 
the same at wells .9 and 27 . Wells 5 and 14 indicate odor levels that 
have decreased approximately 45% and 100% from their 1966 levels, 
respectively . The change of the location of actual refuse placen:i-ent 
from a low area northeast of well 14 to an area northeast of well 5 
may have accounted for the odor r�duction at well 14 because refuse 
was not being deposited directly 11 upstream 1 1  from the well. At the 
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present ·1ocation of refuse placement infonnation is not available to 
indicate whether leached material percolated to the ground water 
table . Figure 10 also shows there has been an increase in the odor 
level at well 15 over the two year period. The increase may be 
attributed to the dumping and burning of trees, leaves, and rubber 
tires a short distance northwest of well 15 . 
Adequate data have not been collected to show if seasonal 
trends are exhibited in the .odor levels of the water in the pond and 
the trench . If seasonal variations exist, the trends would be more 
pronounced in the pond and the trench because of the high amount of 
plant ·growth and decomposition during the summer. From the limited 
data collected from the wells, it does not appear that there are any 
pronounced seasonal trends although there was a considerable variation 
in the odor levels from month to month . Because the threshold odor 
test is only a relative indicator of· contamination it is possible 
that seasonal trends were disguised by variations in the sensitivity 
of the observers . 
It is recommended in the USPHS Drinking Water _ Standards ( 18 )  
that the threshold odor munber or' .drinking water not exceed three 
units . The limit of three units· of odor is based primarily on 
esthetics rather than on safety. Figure 11 shows that the odor 
level of the ground water in the area influenced by the fill exceeds 
the recommended limit set forth by the Public Health Service . The 
isoconcentrational map shows that the water exhibiting the most 
Figure 11 . Isoconcentrational lines of mean threshold odor at 
Brookings refuse disposal area, November 11, 1967 -
June 11, 1968 .  
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Figure 12. Isoconcentrational lines - of threshold odor at Br.ookings 
refuse disposal area, for August 1, 1966. 
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odoriferous characteristics was located on the northern, or upstream, 
side of the trench. Areas around the pond and well 31 had the most 
intense odor. Within the areas defined by the 10 unit line, the pond 
was by far the most odorous. Variations of odor intensity in the 
vicinity of the pond during the investigation period ranged from 9. 6 
in April 1968 to a high of 40 units in June 1968 . 
Figures 11 and 12 make possible a comparison of the area of 
influence as indicated by the threshold odor determination over a 
2 year period. These figures show that the odor levels of the water 
leaving the refuse disposal area were less than they were in 1966 . 
It may also be noted that the lateral extent of the area influence 
as defined by the 5 unit line , was considerably narrower and was 
shifted to the west, primarily as a result of the construction of 
the trench. 
It should be noted that Figure 11 shows the isoconcentrational 
lines for the mean threshold values during the investigation while 
Figure 12 shows values f·or only one particular date in 1966 . Although · 
the two figures may not be directly comparable because one represent-a 
a mean value while the other repr�sents a single date, the figures 
were compared and they.show that the trench does modify the travel 
of odorous materials in the water, irrespective of the magnitude of 
the initial concentrations. 
Nitrate Nitrogen 
Figure 13 shows that the concentration of nitrate nitrogen in 
the ground water in the active fill area was low. T'ne data indicated 
0 0 
0 
Figure 13 . Isoconcentrational lines for nitrate nitrogen at Brookings 
refuse disposal area, for June 11, 1968 . 
� 
-..J 
that the level of nitrate nitrogen in the area not influenced by the 
fill was, for the most part, greater than 10 mg/1, exceeding the 
USPHS limits . Th� isoconcentrational map shows the nitrates almost 
completely disappear in the immediate fill area. Because the other 
forms of nitrogen, i. e . ,  ammonia, nitrite, and total organic nitrogen 
were not determined, the reduction of nitrate nitrogen in the fill 
area can only be conjectured. Since nitrate nitrogen is the most 
highly oxidized form of nitrogen, -the low levels found in the fill 
area indicate that this form was reduced by nitrate reducing bacteria 
found in the soil or utilized directly by plant life . Because the 
phreatic surface was a minimum of six feet below the ground surface, 
. I 
it seemed unlikely that the nitrates were utilized by plants . It 
was, therefore, projected that conditions in the fill were anaerobic 
and nitrogen reducing bacteria were present which changed the nitrate 
to nitrite or possibly to nitrogen gas or aJTu�onia . 
The· presence of a substantial amount of nitrate nitrogen irt 
the trench, as compared to both the "upstream" and 1 1 dolfmstream 11 
directions was observed . The presence of the higher nitrate content 
in the trench gave impetus to the· thinking that dilut'ion water, of · · 
higher nitrate content,. was drawn into the trench from the southeast 
side . However, it may be possible that ammonia fonned in the 
decomposition of the re.fuse in the fill was oxidized to nitrate under 
aerobic conditions in the trench . It was not established if the 
trench was aerobic or anaerobic . ·There was a significant reduction 
49 
in nitrate nitrogen content of the ground water leaving the property, 
in the area influenced by the refuse fill as compared to the 
surrounding ground water. However, the ground water influenced by 
the fill may have been quite high in ammonia nitrogen or nitrites. 
Fluctuations in Calcium Hardness, l?l!, and Alkalinity 
Seasonal effects on the pH, alkalinity, and calcium hardness 
relationships of the water were exhibited in the pond and the trench . 
During the winter months when the open bodies of water were covered 
with ice, the quality of the water in the pond and the trench 
approached that of the surrounding ground water indicating the pond 
and the trench acted as a segment of the ground water. The alkalinity 
and calcium hardness concentrations in the wells in the immediate 
vicinity of the fill were higher than those in the control well, 
thus indicating that the refuse fill exerted an effect on the ground 
water • . -
Figure 14 shows the relationships bet·ween alkalinity, calcium 
hardness, and pH as _ influenced by ice melt and precipitation in the 
pond and trench compared to the control well. The figure shows that 
when the ice melted during the middle of March 1968 , both the 
alkalinity and calcium hardness · of the open water decreased to  levels 
lower than in the control well. The calcium hardness and alkalinity 
in the pond remained lower than in the control well during the months 
of April and May. During this p-eriod algae probably became active 
and exerted an effect . However, the . alkalinity in the trench increased 
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Figure 14 . Relationships among alkalinity, calcium hardness, and pH at 
well 9, pond, and trench at Brookings refuse disposal area, 
from January through June, 1968. 
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to a concentration higher than the alkalinity in the control well 
shortly after the ice melted. It then dropped steadily to a level . 
lower than the control well in the following three weeks . From 
April 30, 1968, through the termination of sampling in June, the 
alkalinity in the trench remained lower than in the control well, 
indicating the algae had become active after a considerable lag 
·period. 
The decrease in alkalinity and calcium hardness exhibited 
in Figure 14 was accompanied by an increase in the pH of the water 
in the pond and the trench . 
the pond than in the trench. 
A lesser pH fluctuation was noted in 
A 2 .72 inch rain in late April was the 
only precipitation occurrence which exhibited an effect of any 
magnitude on pH. The trench seemed to exhibit greater changes in 
pH than did the pond. 
Weekly Samples 
During a 10 week period from March 23rd through May 25th, 1968, 
weekly or bi-weekly . samples wer� collected from wells 5, 15, and 32 . 
During this period six samples were collected from the pond and the · 
trench . '.fhe objective of weekly sampling was to determine if samples 
collected at monthly intervals were adequately represe�tative of the 
average conditions. Wells 5, 15, and 32 were selected as they were 
the wells which were seemingly most influenced by the landfill. The 
pond and the trench were selected for sampling because they would 
most likely exhibit an inlJ�ediate effect of rainfall. 
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Figure 15 shows the weekly and monthly variations of COD 
concentration at the selected locations. As can be seen from the 
figure, more variation in COD was encountered when weekly samples 
were analyzed than was detected by monthly samples. It seemed 
plausible that the greatest variation within short periods of time 
would be exhibited in the spring (during the period of these 
observations ) when the ice on the pond melted, algae gro�rths became 
active , and the precipitation was more intense. Although values 
obtained from monthly sampling intervals indicate variations in COD 
concentration , the variation exhibited by weekly samples is more 
pronounced. At present, it seems to be uneconomical, both in tenns 
of infonnation obtained and expenses incurred, to sample at intervals 
shorter than one month. 
Analysis of Variance 
From January through June, 1968 , duplicate samples were 
collected from 10 wells , the pond, and the trench to permit a 
statistical evaluation to be made for detennining if there was any 
significant difference between locations or dates. The analysis of · 
variance 11as made with the assistance of the University Experiment 
Station st·atistician on · the con; alkalinity, and calcium hardness 
data. The analysis of variance showed that there was a highly 
significant difference for dates, locations, and date by location 
interaction for the three parameters considered. The analysis of 
variance is included in Appendix A. 
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Figure 15 . Weekly and monthly variations of COD at select ed. locations, 
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1968. 
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CONCLUSIONS 
From the investigation , the following conclusions have been 
drawn : 
1 .  It was generally indicat ed by the COD and threshold odor 
data that the concentration of organic contaminants in the ground 
water near the active fill area has decreased during the past two 
years . 
2 .  The int ercepting _ trencb has modified the concentrations 
and th e flow pattern of the organic corrtaminants in the ground wat er 
flowing from the refuse  fill. 
J .  Organic contamination of the ground wat er leaving the 
Brookings refuse disposal area was found to be low .  
4 . During the summer algae in the pond and trench provided 
treatment to the intercepted ground water and reduced the calcium 
hardness and alkalinity concentrations to levels lower than in the 
control well . 
5 . The BOD det ermination does not appear to  be a suitable 
parameter to define adequately the organic contamination of ground 
water at this refuse disposal site . 
6 .  Nitrate nitrogen in the ground water near the fill area 
almost completely disappeared . 
? .  COD concentrations of weekly samples  showed moderat e , 
variation wh en compared with concentrations of monthly samples , how­
ever it was felt that monthly sampling intervals were adequat e for ' 
defining wat er quality changes for this investigat ion . 
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RECOMMENDATIONS 
The study presented herein has suggested several studies 
which may be  undertaken to define more clearly the travel of various 
components of the ground water as influenced by the deposition of 
refuse. 
1. A study to determine the cause of the nitrate nitrogen 
reduction in the fill area would be enlightening. A study such as 
this would entail the analyses fQr identifying the various forms of 
nitrogen and determining if the fill conditions are aerobic or 
anaerobic. Additional wells located at greater distances downstream 
from the fill should be included in the sampling program to 
determine if the nitrate nitrogen inc�eases to 1 levels higher than 
the native ground water as a result of oxidation of ammonia produced 
in the decomposition process . 
2. A ·leaching study may be desirable to determine if 
precipitation penetrates the actual refuse or if the contamination 
results from ground water rising into the fill and extracting material. 
A pilot study with leach bins at the site may be the most practical 
approach . 
3 ;  The contin�ation of a study similar to the study described 
herein may be desirable to determine the long term effects of refuse 
placement . The interpretation of data colle_cted over a longer period 
could establish if seasonal variations in the parameters exist and 
more accurately evaluate. the mechanisms causing the modification of 
the flow of contaminants by the intercepting trench. 
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APPENDIX A 
Analysis of Variance 
61 
Analysis of Variance of Cha�ical Oxygen Demand 
Source Degrees Sum of Mean 
of Freedom Squares Square 
Date 5 216. 201 43 . 24Q➔Hf-
Locations 11 12, 540 . 136  1140. 01.2➔�* 
Date x Location 54 1,038 . 296 19 . 228�Ht-
Residual 71 25. 467 0.3 59 
Total 141 13 , 820 . 100 
¾-�Indicates that values were highly significant 
Analysis of Variance of Alkalinity 
Source Degrees Sum of Mean 
of Freedom Squares Square 
Dates 5 66 ,291 . 253 13258. 250�* 
Locations 11 392, 779. 030 3 5707 . 184�-
Date x Location 54 171,.273 .300 3171 . 7.28�Bf· 
Residual 71 1,804 .357 25.413 
Total 141 632 ,147 . 940 
{H�Indicates that values were highly significant 
62 
Analysis of Variance of Calcitnn Hardness 
Source Degrees Sum of Mean 
of Freedom Squares Square 
Date 5 1�9, 227 . 610 9 , 845 . 522.,Hf 
Locations 11 178, 229 . 930 16, 202. 720-3� 
Date x Location 54 151, 616.380 2 , 807. 711��· 
Residual 71 174. 000 2.450 
Total 141 3 79, 247 . 920 
;���Indicates that values were highly significant 
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APPENDIX B 
Monthly Ground Water Quality Data 
Means of Chemical Oxygen Demand, mg/1 
I9o? !908 Location 
Location 11/11 12Z16 1z23 2z24 3z23 4z27 5/25 6/11 Mean 
5 9 .3 6 .0 12 . 9 11 . 8  7 .4 4 . 7 6 . 8 10 . 6  8 . 6  
9 0 . 8  1 . 0  0 . 9  2 . 7  1 . 8 ... o .o 4 .2 2 .4  1 . 7 
14 10 . 5 13 .4 9 . 5  11 .0 9 .3 20 . 9  - 27 . 6  14 . 6  
15 9 . 6  10 . 0  9 . 7 13 . 8  16 . 6  14 . 5 15 .3 15 .3 13 .1  
27 1 . 8  7 . 1 4. 5  5 . 2  4 .6 3 . 9 4. 7 5 . 2 4 . 6 
29. - 6 . 0  4 . 5 0 . 2  3 . 6  2 .4 / o . o  4 .2 3 . 0  
. 31 4 . 8 9 . 8 10 . 2  7 . 8 1 . 9  9 . 0  4 . 2  8 . 5  7 .0 
32 6 . 5  4 . 2 7 . 6 7 .0  3 . 2 5 . 5  3 . 6 5 . 5  5 . 4 
33 2 . 4 6 . 8  5 . 9  7 .0 2 . 2  5 . 5  5 . 9 4 .4 5 .0 
3 5  - 6 . 0  1 . 9 1 . 8  1 . 0  2 . 9  2 . 1  2 .4 2 . 6  
Pond - 34 .8  39 . 8 41 .4  28 .0  37 . 6 37 . 8  38 .1  36 . 7  
Trench - 13 . 5  10 . 7 10 . 5 9 . 0  16 . 8  14 . 2  13 . 8  12 . 6  
Date 5 . 7  9 . 9 10 .0 10 .0  7 - 4  10 .3 9 . 5 11 . 5  
Mean 
Means of Biochemical (ncy-gen Demand, mg/1 
Percent 1968 Mean 
Location Dilution 1/23 2/24 3/23 4/27 6/11 Value 
5 80 2. 2 2. 6 3 .3 1.3 2.3 
3 .0  
40 5.0  3 .3 · 2 .8  2. 1 5. 5 
9 80 0. 5 0. 7 0. 9 1.1 o . o  
1.0  
40 1. 0 0.9 0.9 2. 1 1. 0 
14 80 . 9.0  2 . 7  0.4 1.9 2. 2 
I 3 . 5 
40 10. 8 2. 8 0. 5 2. 5 2. 8 
15 80 1.4 0.4  1. 7 0.2 1 . 5  
1.4 
40 4.0 0. 8 0.8 0 . 5 3 .0 
27 80 0.2 o .o  0. 6 0. 6 1. 2 
0 . 8  
40 0.4  o . o  0. 5 1. 0 1 .4 
29 80 o .o o .o o .o 0.0 o .o 
o .o 
40 0.0 o .o  o .o o . o  o . o  
31 80 3 . 2  o .o  0.8 2. 8 1. 5 
2.0 °' ·40 3 . 7 0. 2 0 . 5 3 . 2  2.1 \Ji 
\ 
Biochemical Oxygen Demand ( continued) 
Percent 
Location Dilution 1z23 2Z24 
32 80 0. 2 o .o 
40 0. 2 o .o 
33 80 0. 4  o .o 
40 0. 8 o .o  
3 5 80 0. 6 1.3 
40 0 . 4  3 . 0  
Pond 80 - -
40 - -
Trench 80 - -
40 - -
1968 
2Z2� 4/27 
1.9 0. 8 
2.0 0 . 8  
· 1 . 6  2.0 
2. 2 2.0 
1.4 1. 1 
0 .9 1. 1 
I 
9 .1 7.1  
8 . 4 6.8  
0.4 2.7 
0.3 2 .4 
6Z11 
1. 8 
2 . 2  
2. 5 
2. 8 
1.6 
2.1 
7 .7 
7.7 
3 . 8  
5 . 1  
Mean 
Value 
1.2 
1. 8 
1. 4 
7.8  
2. 4 
0'-
0' 
Threshold Odor, units 
1967 1968 Location 
Location 11/11 12/16 1/23 2/24 3/2'j_ 4/2:Z 5/25 6/11 Mean 
5 7. 5  9 . 7 9 .4 7. 7 6 . 8 3 . 6  6 . 6  8 .3 7 .4  
9 2 . 4 2 . 2  7. 5 3 .3 3 . 0  2 . 0  1 . 2  1 . 0  2 . 8 
14 10 .3 5 . 2 - 10 .4  7.2  3 .4 8 . 6  - 12.3 8 . 2  
15 . 5 . 2 8 . 0  4. 4 7. 1 10 . 6  3 . 2  5 . 9  6 . 6  6 .4 
27 .7. 5 8 .0 8 . 5  7. 6 6 . 1  4 .0 5 . 2  4 - 9  6 . 5 
29 - 1. 6 2 . 7  3 . 7 4 . 6 3 . 2 , 1 . 1  1 . 8  2 . 7 
.31 7. 5 22 . 2  11. 6  . 8 . 8  6 .3 8 . 0 10 . 5  10 .4 10 .7 
32 5 .3 · 8 . 0  5 . 6 4 . 0  4 .0 2 . 0 2 . 2  4 . 5  4 . 5 
33 - 4 .8  9 . 1  4 .4  8 �3 4.0 3 . 8  4 .4 4 . 5 5 . 5  
3 5 2. 8 3 .3 3 . 7 3 . 7 2 . 6  2 . 6  1 . 0  2 .3 2 . 8  
Pond - -· - - - 9 .6 26 . 4 40 .0  25 .3 
Trench - - - - - 4. 6 5 .3 2 . 6  4 . 2  
Date 5 .9  7. 7 6 . 8 6 . 1  5 .1 4 .6 6 .4 8 .3 
Mean 
68 
Nitrat e Nitrogen, mg/1 
Location 3/23/68 4/27/68 5/25/68 6/11/68 
3 10. 0 10 . 8  
4 4 . 2  7. 5 
5 o. 6 0 . 4  trace 0 . 4 
8 8. 6 13. 0  
9 6 . 8 8 . 2  7 . 1  7. 4  
14 o . 6  0 . 2  o . o  
15 1. 7 o . o  0 .2 o.o 
20 7 . 6  9. 2 
22 1. 7 2. 1 
24 8 . 9  9 . 5 
27 2 . 0  0. 8 1. 8 1 . 4 
29 10. 8  10 . 0  14. 2  14 . 0  
30 9 . 4 10 . 0  
31 0.3 0 . 1  o.o 0. 2 
32  o. 6 o . 6  0. 4 0 . 8  
33 1. 2 i. 2 1.3 1 .3  
3 5 o . o  o . o  o . o  trace 
37 1. 5 0 .8 
41 2 . 6  1 . 0  
42 1 .2  1 . 3  
Pond 0. 2 0. 2 O .J 0 . 2  
Trench 1 . 8  2 . 1  1 . 5 1.6 
Means of Alkalinity, mg/1 
Location 
Location 1/23 2/24 3L23 4L27 5/25 6/11 Mean 
5 421 434 416 381 366 378 400 
9 230 228 224 230 221 226 227 
14 311 ·289 284 282 - 273 284 
15 21+0 228 228 273 239 242 242 
27 263 248 230 234 242 256 246 
29. 228 222 222 23 5 240 I 216 227 
· 31 370 360 346 3 51 332 343 3 51 
32 234 222 204 195 195 216 212 
33 284 · 259 228 253 241 245 252 
3 5  276 270 255 257 248 254 260 
Pond 391 · 441 272 174 170 157 268 
Trench 3 50 347 183 229 195 188 249 z 
Date 300 296 258 258 246 250 
Mean 
Means of Calcium Hardness, rng/1 
1268 Location 
Location 1723 2724 ' 3723 4727 5725 67ll Mean 
5 351 347 3 57 282 284 179 300 
9 233 · 215 214 23 5 223 220 223 
14 196 J.66 160 270 - 150 187 
15 257 169 199 243 213 195 213 
27 243 210 209 203 223 232 220 
29 · 214 198 200 231 243 I 211 216 
31 305 267 270 267 263 255 271 
32 208 183 177 166 193 195 187 
33 210 202 202 229 210 216 211 
3 5  225 198 203 210 211 196 207 
Pond 260 266 131 lll 13 5 67 162 
Trench 295 270 210 181 142 133 205 
Date 250 224 2ll 219 210 187 
Mean 
71 
pH 
1968 
Location 1Z23 2z24 3z22 4z27 2Z25 6
Z11 
3 7 - 5  7 . 9 
4 7 .4· ? . 6 
5 7 . 6  7 . 2  7 . 2  7 .4 7.3 ? . 8 
8 7 . 6 ? . 8 
9 8. 0 7 . 5 7 . 5  7 .4 7 . 5  8 .0 
14 7 .8 ? . 7  . 7 . 8 7 . 7  7 . 9 
15 7 . 7 7 . 6 7 . 6 ? .6 7 . 6 7 . 9 
20 7 . 6 7 . 9 
22 7 . 6 7 . 9  
24 7 . 4 7 -9 
27 7 . 7  7 . 5  7 . 4 7 . 5  7 . 6 8 .0 
29 7 . 8 7 .6 7. 5 7 . 5  7 . 6 8 .0 
30 7 . 5  7 . 6 . 
31  7 . 5 7 . 2 7 . 2  7 . 4 7 . 5  8 . 2  
32  7. 9 7 . 5  ? . 6  7 . 5  7 . 6 8 . 1 
33 7. 7 7 . 4 '7 -4  7 . 4 7 . 5 7 .8 
3 5 7 . 9 7 . 5 7 � 4  7 . 5 7 . 7 8 .0 
37 7 . 5 - 7 . 9  
41 7 . 7 8 . 2. 
4_2 7 . 5 7 . 9 
Pond 8 .0  7 . 9 . . 8 .0 8 . 4 8 . 8 9 �0 
Trench 7 . 7  7 . 4  8 . 7 8 .0 8 . 1  · 8 . 2  
72 
APPENDIX C 
Weekly Ground Water Quality Data 
Chemical 0Jcy"gen Demand, mg/1 
1968 
Location 3723 . 3730 476 4712 4720 4727 574 5711 5725 
5 7 .4 . 7 . 8 · 9 . 9 8 .4  7 . 1  4 . 7 4 .3 7 .0  6 .8 
15 16 . 6 18 . 5 17 .9  16 .1  14.0 14 . 5 · 13 . 8  14 .2 15 .3 
32 3 .2 6 � 8 5 . 6  3 . 6 5 . 9 5 . 5 3 . 8  
t 
4.3 3 . 6  
Pond 28 . 5  -· 40 .0  - 34 .8 37 . 6  - 42.3 37 . 8 
Trench 9 .0 � 14.4 - 14. 8  16 . 8  - 19 . 9  14 . 1  
C3 
Location 3/23 · 3/30 4/6 
5 416 419 - 418 
15 228 250 267 
32 205 222 206 
Pond 273 - 184 
Trench 183 - 260 
Alkalinity, mg/1. 
1968 
4/12 4/20 4/27 
407 395 381 
264 252 273 
207 204 195 
185 189 174 
255 242 230 
5/4 5/ll 
370 366 
258 243 
189 188 
178 180 . 
204 216 
5/25 
366 
239 
196 
170 
195 
-..J 
+--
Location 3/23 3/30 4/6 
5 3 57 333 321 
15 199 206 220 
32 177 l73 170 
Pond· 131 - 106 
-Trench 210 - 199 
Calcium Hardness,  mg/_l 
4712 
1268 
4/20 4/27 
304 296 282 
225 219 243 
165 172 166 
110 112 111 
199 206 181 
5/4 
311 
264 
171 
' 117 
169 
5711 
295 
205 
161 
118 
162 
5725 
284 
213 
193 
13 5 
142 
-..J 
\Jl 
Location 3/23 3/30 4/6 4/12 
5 7.2 7 . 4  7 .3 7 .3 
15 7 . 6  7 . 7  7.7 · 7 . 6 
32 7.6 7 . 6  7 . 6 7 . 5 
Pond . 8.0 -- 8 . 6 . 8.6 
Trench s·. 7 - 8.2 8.1 
pH 
1968 
4/20 4/27 5/4 
7 . 5 7 . 4  7.2 
7 . 6 7 . 6 7 .4 
7 . 7  7 . 5  7 . 5 
8 . 6 8 .4  ,8 . 6 
8 .1 8 .0 7.5 
5/11 
7 .3 
7 . 5 
7 . 7 
8 . 5 
8 . 1  
5725 
7.3 
7 . 6 
7 . 6 
8 . 8  
8 .1 
-.J "' 
